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INTRODUCTION 
591 
The indications for spine fusion are considerably different now, many more fusions 
品目 performed for congenital, traumatic, and degenerative lesions and fewer for infective 
proc白ses.Currently, spine fusion is performed chiefly for pathology in the lumbar or 
lumbosacral region. The indications and technics of spine fusion have being varied from 
y回 rto year. 
Fixation of the unstable spine by spine fusion is a prefered method of treatment in 
spondylolysis and spondylolisthesis at the present. Successful fusion strengthens the back, 
relieves symptoms, and enables the patient to be tolerable in hard work. 
The operations for fusion of the spine are generally of two groups, viz. the anterior 
spine fusion and the posterior spine fusion. The posterior spine fusion was based upon 
the principl白 originatedby ALBEE and HIBBS in 1911, the anterior spine fusion was con-
ceived for the first time by CAPE！叫ERin 1923. In 1942, the anterior spine fusion by ex-
traperitoneal approach was performed by Prof. TORA! lwAHARA at KEIO University Hospital. 
Since then, this method has been employed as the routine procedure we use for spondy-
lolysis and spondylolisthesis. 
From 1942 through 1961, the anterior spine fusion on 58 cas白 andthe posterior 
spine fusion on 37 cas田 wereperformed at KEIO University Hospital. Follow up studi白
were presented in 1962, and the results were proven more satisfactory in the anterior 
spine fusion. 
In order to analyze the dynamic characteristics of the lumbosacral spine fusion, the 
author investigated the photo-elastic experiments on the lumbosacral spine fusion under the 
cooperation of the photo-elastic department of RIKAGAKU KENKYUSHO in Tokyo. 
PHOTO-ELASTIC STUDIES OF TWO DIMENSIONS 
(1) The artificial models of the experimental plan白 ： Themeasurements of the 
artificial models were ref erred to the postmortal vertebral body and intervertebral disc 
and to the transverse roentgenographical films showing the fourth and the fifth lumbar 
vertebrae of the Japanese adult. 
For the construction of the models, the fourth lumbar vertebra (L4), the fifth lumbar 
vertebra (L~ ） , the first sacral vertebra (Si), and the intervertebral discs between those 
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vertebrae were prepared. The fusion of spinous process白 andfusion of vertebral archs 
are firmly fused at the regions of spinous processes and vertebral archs of L4, L5, and 
S1 one another. And the anterior spine fusion is fused at the anterior part of the ver-
tebral bodies of L5 and S1 each other. 
The YOUNG、sratio of the postmortal vertebral column of the Japanese adult is ap-
proximately 265.50 kgm/cm2 in vertebral body and 107.23 kgm/cm2 in intervertebral disc 
according to ARIGA’s reports (1953). The experimental planes of vertebral bodies and 
intervertebral discs are optically fused each other. 
σmax. means maximal stress and , min. means minimal stress, and the following 
expression is concluded dynamically，σmax.ニcよ（c constant 1 : distance between the 
point at stress measurement and the point bearing weight J : the radius of curvature). 
Therefore, it is natural that every experimental plane should be precisely made to be the 
same size and same radius of curvature. In these photo-elastic experiments, the planes 
having almost as large in size as life and the radius of curvature of corner of the experi-
mental planes with 3 mm in diameter were made. 
(2) The material of the experimental plane The material is D. A. P. (Diallyl 
Phthalate), which is gradually heated at about 80 degrees of Celsius for two or three 
hours in a small bath-tub under the catalysis of benzoic peroxide. The heated D. A. P. is 
carefully poured into the space between two glass plates which have been heated at about 
60 degrees of Celsius previously, and then it is cooled down slowly to a normal 
temperature. The YOUNG‘s ratio of D. A. P. resin plate is refered to the heat and cooling 
procedure of D. A. P., thus, the procedure of making plane has to be carefully done. 
EXPERIMENTAL METHODS 
The photo-elastic experiments are as follows, 
I. The normal lumbosacral vertebral column, the fusion of spinous processes, the 
fusion of vertebral archs, and the anterior spine fusion of the one third in A-P diameter 
of the vertebra (the 1/3 anterior spine fusion). 
I. The 1 /3 anterior spine fusion, the 1/2 anterior spine fusion, the 2/3 anterior 
spine fusion, and the whole fusion of the intervertebral space. 
The photo-elastic apparatuses were used of the photo-elastic department of RrKAGAKU 
KENKYUSHO. The every load of the photo-elastic experiments was exactly determined 60 
kgm in weight. 
MEASUREMENTS OF THE PHOTO-ELASTIC EXPERIMENTS 
( 1) The fringe photograph : 
The dark-field photograph shows the fringes which are get from the two polarizers 
with right angle position, and also the light-field photograph shows the fringes which are 
get from the two polarizers with parallel position. 
There is optically a difference of one fourth wave length betw配 nthe dark and light 
field photographs. It is always necessary to get the dark and light field photographs in 
the photo-elastic study in order to anahァた the stress distribution. 
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(2) The stress analysis: 
The stress is closely analyzed from the dark and light field photographs. The fringe 
orders are an expression of the quantitative distribution of stress : that is, they are lines 
connecting points under equal stres. 
In this experiment, a fringe order deserves 0.2087 kgm/mm2 in the vertebral body 
plane and 0.1083 kgm/mm2 in the intervertebral disc plane as a sequel to calculation of 
stress analysis. Therefore it is not so difficult to measure the stresses in al parts of the 
vertebral body and disc planes. There are no differences between the compression and 
traction stress in fringe order, but it is fairly necessary to differentiate these stress田 in
order to know the shearing stress distribution as mention below. The compression stress 
is usually marked positive and traction streぉ ismarked negati¥'e in the signature. 
(3) The isoclinic lines : 
As the direction of principal stress changes usually in every part of the experimental 
plane, a curved line is described on the plane by connecting the points on the experimen-
tal plane where the direction of the principal stress is equal. It is called an isoclinic line. 
On the change of direction of the principal str白s,a chart which shows as inclination 
of the principal stresses is described on the experimental plane. 
There is the point or line which is made by collecting together the isoclinic lines, 
and it is called the singular point or line. The existence of singular point or line means 
the shearing stress distribution. 
( 4) The line of principal str引出；
The directions of two principal str同町N onピverypart of the xperimental plane are 
just described as the meshlike curves with a right angle position each other. These curves 
are called the lines of principal stress which are easily analyzed from the isoclinic lines. 
In the photo-elastic study, it is most important to analyze the isoclinic lines and the 
lines of principal stress. 
RESULTS OF THE EXPERIMENTS 
I. The normal lumbosacral vertebral column, the fusion of spinous processes, the 
fusion of vertebral archs, and the‘1/3 anterior spine fusion. 
The normal lumbosacral vertebral column 
The σm旦x.of L4, L, and S1 is located on the posterior edge of these vertebral 
bodies. The concentration of these庁 max.is 0.4171 kgm1mm2 of L,, 0.6261 kgm/mm2 
of L5, and 0.6261 kgm/mm2 of S1・ Theσmin. of L, L5, and S1 is located on 
the anterior edge of these vertebral bodies. The concentration of these σmin. is 0.1043 
kgm/mm2. 
Of the stress distribution of the intervertebral disc, the 庁 max.is located on the 
posterior edge of the intervertebral discs L，~L5 and L ， ~S1. The concentration of these σ 
max. is 0.7581 kgm/mm2 of the disc between L4 and L5, and 0.6498 kgm/mm2 of the disc 
between L5 and S1・ Ther min. is located on the anterior edge of the intervertebral discs. 
The concentration of these σmin. is 0.1083 kgm/mm2 of the disc between L, and L5, 
and 0.0541 kgm/mm2 of the disc between L5 and S1 (Fig. 1-A, 1 B, 2-A, and 2 B). 
The lines of princip<d stress of the vertebral bodies and intervertebral discs tend lけ he
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Fig. 1-A The light-field photograph of the normal 
lurnbo剖cralvertebral column shows the distibu-
t1"n of many fring-orders of the posterior parts 
"! the vertebral bodies and intervertebral discs. 
Fig. 2礼 The只urface叶re同 di、trib11i•m of the ＂ト
m<il lumho,,;1cral、ertel1 al I ≫<lit円 It、υmax.i, 
leι1t~d on the 1> "ter Iリr"dge of the vertebral 
I. ,r1，朴 andit」σmin.1、local町Ion the a1te1 iりr
edge of the 、川tclir.il¥, •d!l"'. 
Fig目 1B The dark-field photograph of the normal 
lumb口組cralvertebral column which differentia-
tes one-fourth wave length tn the light-field 
photograph sho明、 thesame distribution of the 
fringe-orders to the light-field photograph. 
Fig. 2 B The surf：附白川＇＇＂＂《 list1b1ti川1of the nor-
11,d lumbo,an:1l 11t円、円ltbi;1lclトcs.It’、 σm‘＇＂・ j, 
l《"lCdtc・cla山 the1•.-t• ・ 1' ' edge of the inter、，ertehr・' 
品、山口mlit¥ r; min. is l叩ated 叩 the 叩te1i•.
edge of the intervertebral discs 
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localized upon the posterior part of the vertebral bodies and intervertebral discs (Fig. 3 A 
and 3-B). 
The fusion of spinous processes : 
The concentrated stresses are distributed on the anterior edge of the grafted site. The 
σmax. of L4 and S1 is 1.8723 kgm/mm2, and it is located on the grafted site of spinous 
processes. The庁 max.of L5 is 1.6706 kgm/mm2, and it is also located on the grafted site 
of spinous process田. The σmin. of the vertebral bodies is located on the posterior edge. 
The σmax. of intervertebral discs is 0.6498 kgm/mm2, and it is located on the 
anterior edge. The庁 min.of intervertebral discs is located on the posterior edge (Fig. 
4-A, 4-B, 5-A, and 5-B). 
The isoclinic lines produce two singular points in the grafted site (Fig. 6-A). 
The lines of principal stress are considerably concentrated at the grafted site of spinous 
processes (Fig. 6-B). 
The fusion of vertebral archs : 
There are the concentrated stresses at the anterior edge of the grafted sitε. The σ 
max. distributes at the grafted site of the vertebral archs, of which concentration is 1.6706 
kgm/mm2. The σmin. is distributed at the posterior edge of the vertebral bodies. 
In the intervertebral discs, a concentration of stress distribution is incre世 edon the 
anterior edge, it is 0.6498kgm/mm2, and it is decreased to 0.054lkgm;mm2 in the 
posterior edge (Fig. 7 A, 7 B, 8-A, and 8-B). 
Four singular points of isoclinic lines appear in the grafted site of vertebral archs 
(Fig. 9-A). 
The distribution of lines of principal stress is considerably concentrated in the grafted 
site of vertebral archs (Fig. 9-B). 
The 1 /3 anterior spine fusion : 
The σmax. of L4 is located on the posterior edge of vertebral body, it is 0.417 4 
kgm/mm2, and the σmin. of L, is located on the anterior edge of vertebral body, it 
is 0.1043 kgm/mm2. But in the L5 and Sl> the concentration of stress distribution is 
transferred to the posterior edge of grafted site, of which σmax. is 1.2522 kgm/mm2. 
The stress distribution of intervertebral disc between L, and L5 is concentrated in 
the posterior edge, of which σmax. is 0.5414 kgm/mm2. And also the stress distribution 
of intervertebral disc between L5 and S1 is concentrated in the posterior edge. The σmin is 
located on the anterior edge of intervertebral discs (Fig. 10-A, 10 B, 11 A, and 11-B). 
The isoclinic lines produce the singular line in the grafted site of the vertebral bodies 
(Fig. 12-A). 
The lines of principal stress tend to be localizd upon the grafted site of the vertebral 
bodies (Fig. 12-B). 
I. The 1 /3 anterior spine fusion, the 1 /2 anterior spine fusion, the 2/3 anterior 
spine fusion, and the whole fusion of the intervertebral space. 
The 1/3 anterior spine fusion ; 
As mentioned above. 
The 1 /2 anterior spine fusion : 
The concentration of stress distribution of L, increase只 inthe posterior edge‘and 
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Fig. 3-A The is叫 liniclines of the normal Jumbo-
sacral vertebral column. 
Fig. 4-A The light-fi』eldphotograph ',f the f "'" m 
“f spin<11、pr≪炉、町、、hrm,the di,1rih11 i内n. r 
many fringe-orde白川1tlie anterior part .,f the 
grnfed河te.
Fig. 3-B The lines of principal 'tr＜＇可 ofthe nor-
ma! lumbosacral vertebral column, which are apt 
to be l叩 ali1,dupon the 戸五teriorpart; of the 
vertebral bodies and intervertebral discs. 
Fig. 4-B The dark-field photogr:1ph円fthe fu~ 1on 
. r斗i1n1日 pr≪ h刈 N
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Fig. 5-A The surface、tr＜＇州 d目tributionof the veト
tebral bodies of the fusion of spinous pr，町田甜s.
It’s σmax. is I町 ated on the anterior edge川
the grafted site and it’sσmin. islocated on the 
posterior戸ラrtof the vertehrnl bodies. 
イマ
Fig. 6-A The isoclinic lin明日fthe fusion of、pl-
nous pr町田ses,which is pr吋UC吋 twosingular 
points in the graft. 
•~Fig. 5-B The surface叫rト， di凶tributionof the m・
terv町 tebraldi,._・, of the fusion 1l spinous pro-
c~＇酢 It ＇~ σma". is located on the anterior edge 
of the intervertebral 出、csand 目、amin. is located 
on the posterior part of the intervertebral discs. 
Fig. 6-B The lines of principal stre同 ofthe fusion 
。fspinous pnx・e;.<e≫ is l町 alizedupon the anterior 
part of the grafted 、ik.
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Fig. 7-A The light-field photograph of the fusion 
nf vertebral archs sho、吋 thedistrihution of many 
fringe-order、。nthe anterior part of the grafted 
site. 
Fig. 8-A The surface 'tre示、 distributionnf the 、マト
tebral bodi郡 ofthe fn目。日りivertebral archs. It', 
σmax. i' located on the anterinr ed日e れrthe 
日r:ifted、1te ~ncl it＼ σmin. 1、 lcx::it~d けn tlw 
P'"terior part "f the vertebral lrnlw‘ 
Fig. 7-B The dark-field photograph of the fusion 
。fvertebral arclb. 
Fig. 8-B The surface >tr肺気 di,tributionof the m・
tervertebrnl discs of the fusion of ve『tebrnlnrchs. 
It's r ni川 " lぽ川町lon the anterior吋geof 
the intervertehral disc刊日ndit＇， σmin. islocated 
on the posterior edge of the in!Pr 'erte1 • , Idisc,. 
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Fig. 9-A The isoclinic lines of the fusion of ver-
tebral arch~ produce four singular points in the 
grafted site. 
Fig. 10-A The light-field photograph~：of the 1/3 
anterior spine fusion shows the distribution of 
many fringe-orders on the posterior part nf the 
graft吋刈te
Fig. 9 B The distrihution nf the line of principal 
、tre<>of the fusion .,[ vertehral archs is localized 
upon the grafted site especialy the anteri口rpart. 
Fig. 10-B The dark-field phot口宮raphof the 1 /3 
anterior spine f1ベinn.
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Fig. 11-A The surface 'tre" distribution of the 、~r­
tebral bodies of the I /3 anterior spine fu日on.
It’s υmax. i' located on the伊sterioredge of 
the grafted site and it＼πmin. i> located口nthe 




Fig. 12-A The iS<dinic‘ lines of the 1/3 anterior 
spine f11,ion produce ti町民ingubrline in the 
f.!C汁fled、ite.
Fig. 11-B The surface str田sdistribution口fthe in-
tervertebral discs of the 1/3 anterior spine fusion. 
It’s o max. islocated on the posterior edge of 
the int・n・erk'bral d川、 andit、打 min.is located 
口nthe‘mterior part of the intervertehral rli>c,. 
V 司帽’‘－
F』g.12-B The distribution of the line> .r r,rir .. ,J 
,tr<"" of the 1/3・mteriorspine fusion凶 kl(a］＇.＂ぞrl
considerahlv upon the ！.＇刊 ft<d site 
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decre明白 in the anterior edge, the庁 max.is 0.3130 1明m/mm2,the σmin. is 0.1043 
kgm/mm2. On the other hand, in the L, and内， theconcentration of stress distribution 
is transferred to the posterior edge of grafted site, of whichσmax. is 0.8348 kgm/mm2. 
The stress of intervertebral disc between L4 and L5 being accompanied with the σ 
max. of 0.4332 kgm/mm2, is distributed in the posterior edge, the ’T min. of 0.0541 kgm/ 
mm2 is in the anterior edge of the intervertebral disc. And also the stress distribution of 
intervertebral disc between L5 and S1 is concentrated in the posterior edge, of which σ 
max. is 0.3249 kgm1 mm2 (Fig. 13 A, 13-B, 14-A, and 14-B). 
There is no singular point or line of the isoclinic lines in the grafted site. But the 
distribution of lines of principal stress tends to be concentrated in the posterior parts of 
vertebral bodies and grafted site (Fig. 15-A and 15-B). 
The 2/3 anterior spine fusion: 
There is stil the tendencv with a concentrated stress distribution. And 0.41711沼m
mm2 of the σmax. of vertebral bodies is located on the posterior edge, 0.1043 kgm/mm2 
of the σmin. of vertebral bodies is located on the anterior edge. 
And also the stress distribution of the intervertebral discs is concentrated in the pos-
terior edge, the σmax. of the intervertebral disc between L4 and L5 is 0.4510 kgm/mm2, 
and the σmax. of the intervertebral disc between L5 and S1 is 0.3249 kgm/mm2 (Fig. 
16, 17-A, and 17 B). 
There is no singular point or line, and the lines of principal stress distribute almost 
without discrimination in the vertebral bodies and intervertebral discs (Fig. 18-A and 18 
??
The whole fusion of the intervertebral space : 
The stress distribution tends to be localized upon the posterior edge of vertebral 
bodies, the σmax. is 0.4171 kgm/mmヘandthe o min. is 0.0541 kgm/mm2. 
And also in the intervertehral disc, the σmax. is located on the posterior edge, it 
is 0.3249 kgm/mm2. And the σmin. is located on the anterior edge, it is 0.0541 kgm/ 
mm2 (Fig. 19 and 20). 
As in the 2/3 anterior spine fusion, there is no singular point or line, and the lines 
of principal stress distribute almost equally in the vertebral bodies and intervertebral disc 
(Fig. 21-A and 21 B). 
SUMMARY 
If compared the stress distribution of the 1/3 anterior spine fusion, the fusion of spinous 
processes, and the fusion of vertebral archs, the concentration of stress distribution is located 
on the inferior edge of the grafted site of these fusions, but the maximum of those localized 
stresses is located on the grafted site of the fusion of spinous processes, it、concentrationis 
1.8723 kgm/mm2 The minimum of those localized stresses is located on the grafted site of 
the 1 /3 anterior spine fusion, it’s concentration is 1.2522 kgm/mm2. In the stress distrihu-
tion of intervertehral discs, the maximum of stresses is located on the anterior edge of the 
fusion of spinous processes and fusion of vertebral archs, it’R concentration is 0.6498 kgm / 
mm 2. On the other hand, the minimum of stresses in the intervetebral discs of the 1 /3 
anterior spine fusion is located on the posterior edge, it’s concentration is 0.5414 kgm/mm2 
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Fig. 13-A The light-field photograph of the 1/2 
anterior spine fosi仁川 、h川問、 thedistribution of 
many fringe－イ》rdersin the戸1steric pa『tof the 
grafted、1te.
Fig. 14-A The 川 rfoce ,f.n同 cfatributi円nof the 
vertebra I I• Kl ob りlthe I /2 ;11tn川おpinef1>11n 
Tl＼σmax. j, located on the I賀川tc・ri<>redge .,f 
the日raftedsite and it¥ u min. "I叩 1tedon the 
an ten＜』rparts of the vertebr.d hodies. 
Fig. 13-B The dark-fiekl photograph nf the 1/2 
anteriorぉpinefusion. 
Fig. 14-B The surface stre田 distril'tion of the in・
tervertebral discs of the I /2anti 1 r勺町合 fusion.
It・，υmax. is l町atedon the I~ ， 
the川控rvertebraldi町長：m<lit＼σ 即 『
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Fig. 15-A The isoclinic lines of the 1/2 anterior 
spine fusion. There is no singular point or line 
in the grafted 、ite.
Fig. 15-B The lines of principal stress of the 1/2 
anterior spine fusion，。fwhich distribution is not 
apt to is localized in the vertebral bodies and 
intervertebral di可、．
Fig. 16 The light-field photograph of the 2/3 anterior 
spine fusion shows the distribution of the fringe-
orders tended to be l叩ali肥dl卯nthe 1X>sterior 
partぉofthe vertebral hodi田 andintervetebral disc叱
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Fig. 17-A The surface st問団distributionof the ¥'er-
tehral bodies of the 2/3 anterior spine fusion. It’s 
σmax. i' l町 atedon the posterior吋酔 ofthe 
vertebral bodies and it’sσmin. i ，，~kx:n ted on the 
anterior edge of the ¥nkliral:)≫d＂、．
lj イマ
Fig. 18-A The isoclinic lines of the 2/3 anterior 
spine fusion do not produ回 thesinglar point or 
line in the intervertehral di州 、 andvertehral beト
di田 ．
Fig. 17-B The su巾
tervertebral discs of the 2/3 anterior spine fusion. 
It 、cmax. is lccated on the posterior edge of 
the intervertebral discs and it＼σmin. locates on 
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Fig. 19 The light-field photograph of the whole 
fusion of the intervertebral space shows the dis-
tribution of the fring肘 xdertended to be localized 
upon the posterior part of the vertebral bodi出
and intervertebral disc. 
0 80 
? ?
Fig. 21-A The isoclinic lines ,f the whole fi川 t川
。fthe intervertebral space di' 1りtproduce the 
>irw1l:ir nrnnt or lme 
Fig. 20 The surface叫re悼 distributionof the verteb-
ral h》di白 ofthe whole fusion of the intervertebral 
space. It’bσmax. is l町 ated on the posterior edge 
of the vertebral bodies and it’s σmm. is located 
けnthe anterior edge of the vertebral凶dies.
Fig. 21-B The distribution of the lines of principal 
str品 hlocated almost equally on the vertebral 
bodies and intervertebral di町 ．
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which is smaller than other fusions. There are considerably concentrated stress田 inthe 
grafted site of the fusion of spinous processes and vertebral archs. These fusions are 
dynamically more unstable than the 1 /3 anterior spine fusion. 
And also, according to the photo-elastic experiments of the fusion of spinous process白
and vertebral archs, the str郎自 ofmovement which are concentrated at the junction of a 
fused and a mobile segment of the lumbosacral spine are transmitted through the pars in-
terarticularis of the uppermost vertebra of the fused segment that acquired spondylolysis 
rarely develops at the pars interarticularis of the uppermost vertebra of the fused segment 
as a sequel to the posterior spine fusion (Fig. 22 and 23). 
The posterior-directed stress at the center of intervertebral disc between L5 and S1 
is a maximum of 62.70 gm/mm2 in the normal lumbosacral vertebral column, small in the 
posterior fusion and 1/3 anterior spine fusion, especially a minimum of 4.32 gm/mm2 in 
the 1/3 anterior spine fusion. That is, it may be conclusively said that the posterior-
directed stress of the nucleus pulposus is lessened by the vertebral fusions, especially the 







N.V. Y,A.F. AF S .F. 
F』g.:2 ’山、tre"di~叫ution in the p日rhof the vertebral I》《》di白 t’i山 non lur 
t口e似）Ster』〈》r、pinぞ fusions,and the I /3 anteri《＞rspine fusions. 'I‘he f1N＜】nof spinりusprnc ., , Klthe 
f u,ionりivertebral arch＇、 has仁川トrderahlvlocali刷、tw"distribution in the p;irt、of A. B, C 、 1 >of 
tht>St・ f1,io1' 














N.V. Y,A. F A.F S.F. 
Fig. 23 The stre日 distributionin the parts of the intervertebral di,;cs of the normal lumbosacral vertebral 
column, the開steriorspine fusions, and the 1 /3 anterior spine r ＂りns.There i> considerably localized 
'tr出＇ distribution inthe parts of A', B’， C' and D’of the fusions of vertebral川chsand spinuus pro・
C位置s,and al回 inthe parts of E', F’.G’and H’of the I /3ante口町 、pmefusion. 
I N.V. : The normal lumbosacral vertebral column S.F. ・ The 仏、川、 ofspinous pr•世田記S A.F.: 
The fusion of vertebral archs 1 /3A. F. : The 1 /3anterior spine fusion 、•V. F. : The whole 
fusion) 
If compared the stress distribution of the 1/3 anterior spine fusion, the 1/2 anterior 
spine fusion, the 2/3 anterior spine fusion, and the whole fusion of the intervertebral space, 
the 1/3 and 1;2 anterior spine fusion has localized str臨 esin the posterior edge of the 
grafted sites, but in the 2/3 anterior spine fusion and whole fusion, the concentration of 
stresses is distributed almost equally in the vertebral bodies and grafted sites. And the in-
tervertebral discs of the 1 /3 and 1 /2 anterior spine fusion have localized stresses in the 
posterior edge of the discs, but the intervertebral discs of the 2/3 anterior spine fusion and 
whole fusion have the str白S白 distributedequally in the intervertebral dis白（Fig.25 and 
26) . The anterior directed stress at the posterior edge of the grafted sites of the various 
anterior spine fusion is 224.3 gm/mm2 in the 1/3 anterior spine fusion, 94.4 gm/mm2 in 
the 1/2 anterior spine fusion, 14.2 gm/mm2 in the 2/3 anterior spine fusion, and 10.3 
gm/mm2 in the whole fusion. That is, the 2/3 anterior spine fusion and whole fusion 
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N. V. S .F A.F Y,A.F 
Fig. 24 The di,tnbution of the p<de引けr-directed'tre＇、 inthe center of intervertebral disc between Ls 
ιiηd S1. The p< "terior directed 、tre回目 deじrea消ぐIby the spine fusion. 
It is photo司elasticallyconcluded that the 2/3 anterior spine fusion and whole fusion 
are most stable. 
CONSIDERATION 
In the course of a survey of the surgical treatment for spondylolysis, spondylolisthesis, 
and other unstable vertebral column as a sequel to various agencies, the lumbar and lumbo-
sacral spine fusion has been established as the standard method. The spine fusions are 
roughly devided into the anterior and posterior spine fusion, and the former is the method 
by which the bodies of the vertebrae are fused, the latter is usually done by mid-posterior 
approach by which the vertebral archs and the spinous processes are fused. 
The operation for posterior spine fusion was based upon the principle originated by 
ALBEE and HIBBS in 1911. In 1931, GIBSON, in an attempt to obtain firmer fixation in 
fusion of the spine, devised so-called the clothespin graft. Bos WORTH (1915) employed 
a double clothespin graft which he had developed independently for use in spondylolysis 
and spondylolisthesis. The anterior spine fusion was conceived for the fiw time by 
CAPENER in 1923. BURNS (1932) performed the first fusion f】I】erntionhy tr；’！支r、toneal
ap1】n】ach. Sin「ι白 thεn, JEN 1¥.1、.is,恥1EIミ（、ER，向，EEO,and other,; have reporll'd ca~·· 1・州司











N目＼＇. W.F. 2~A.F Y,A.F. Y,A.F 
Fig. 25 The ,1庁防 distributionin the parts of the 、でrtehrλl bodies of 
the normal lumbosacral vertebral column, the various anterior spine 
fu,i川＇＂ and the whole fu臼onけtthe intervertebral space. The st町田 j,
distributed almost equally in the vertebral lx〕dies。fthe ~／3 anterior spine 
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「－＼
Fig. 26 The str田sdistribution in the p;irb of the intervertebral d1、引
of the normal lumbc》sacral vertebral column, the various anterior 
spine I u、101,and the whole fusion of the intervertebral space. Thε 
、tre''j, distributed almost equally in the intervertebral discs of the 2/3 
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Y,A F Y,A.F Y,A F W.F 
Fig. 27 The distribution of the anterior dir配ted'tre" in the posteri《》redge of the grafted ,ite of the 、;inous
ι＂nterior ,pine fusion and the whole fusion "f the intervertebral 'l"tce. The antriordirected、tre＂日 much
le田川 the2/3 anterior spine fu引けnand whole fusion. 
fully treated by the anterior spine fusion. In 1942, lWAHARA published the extraperitoneal 
approach for anterior spine fusion, and in 1961, he reported the results of spine fusion by 
his method and the details of his operation technic were described in NrnoN GEKA SHU-
JUTSU ZENSHO. 
Ur (1960) reported the results of posterior spine fusion by the clothespin method at 
Keio university Hospital for past twelve years, and according to his reports, from 1946 
through 1957, the posterior spine fusion was done on 73 cases, in which 37 cases were 
available for the personal investigation on the long time follow-up. It was purpose of 
this method to fuse an unstable vertebral column as a sequel to laminectomy for the treat-
ment of herniated intervertebral disc. The clinical results of posterior spine fusion were 
almost satisfactory, that is, of the patients treated by posterior spine fusion, 30 percent 
were rated as the unchanged or a litle improved, and 70 percent belong to the improved, 
almost cured, and entirely cured groups. But the limitation of movement in the lumbar 
region which disappeared prior to operation became one of the causes of patient’s com-
plaints (Table 1). Roentgenographic findings of the grafted sites following posterior spine 
fusion follow : of the 37 cases, 22 cases reveal the “Umbauzone" or "Pseudoarthrosis-
like line" in the bone graft, 3 cases reveal the fracture of the bone graft with sold fusion, 
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2 cases reveal the acquired spondylolysis through the pars interarticularis of the uppermost 
vertebra of the fused segment, and a case reveals the fracture and the “Umbauzone ". 
That is, the result of roentgenographic findings is not satisfactory (Table 2). The “Um-
bauzone " or " Pseudoarthrosis-like line " appears frequently at the upper margin of bone 
graft. The clinical results mentioned above may be demonstrated by the photo-elastic 
study. The stress distribution of posterior spine fusion is concentrated in the bone graft, 
especially the upper margin of bone graft, and the app回 ranceof singular point consisted 
of the isoclinic lines proves the distribution of two different stresses in the bone graft. 
That is, the small bone graft is affected by the compression stress in one side and the 
traction str白sin another side, and thus it is dynamically under the unstable condition. 
The new stress distribution differently appears in the bone graft, which affects to decrease 
the stress in the bone graft. It is called the shearing stress. The larger the concentration 
of str田sin the bone graft, the larger the shearing stress. It is apparently considered 
from the photo-elastic study that the distribution of shearing str白 5 is localized much more 
in the upper margin of the bone graft than the lower margin. . Of course, it is not 
doubtful that the concentration of shearing stress in the bone graft corresponds fairly with 
the development of “Umbauzone”or“Pseudoarthrosis-like line " in the bone graft. 
Roentgenographically, of the cas田 ofposterior spine fusion with sold fusion, some 
回 sehas the development of fracture of bone graft due to the shearing stress, and some 
case has the development of acquired spondylolysis in the pars interarticularis of the upper-
most vertebra of the fused segment. HARRIS (1963) reported 6 cas田 ofa aquired spon-
dylolysis as a sequel to posterior spine fusion, of which cases’s autopsy specimen showed 
some pathological attenuation of the pars interarticularis. The stresses of movement which 
are concentrated at the junction of a fused and a mobile segments of the lumbar spine are 
transmitted through the pars interarticularis of the uppermost vertebra of the fused segment. 
The cross sectional area of the pars interarticularis is small, and repeated bending str，田S
第34巻日本外件宝函612 
Limitation of Movement in the Lumbar Region '" a Sequel to Posterior Spine Fusion 
Limitation of over stretch＋吋tifn田S
Stifne田
Limitation of over stretch 
Decreased lordosis +Stiffness 









RoentgenりgraphicFindings of the Grafted Bone of Posterior Spine F us1on 
upper margin of bone graft 
lower margin of bone graft 
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in this region which are get strong by the limitation of movement in the lumbar region may 
eventually produce a fatigue fracture of bone graft. This sequence suggests a pathological 
attenuation of the pars interarticularis. Of course, it is considered that the affection of 
posterior spine fusion is not only in the pars interarticularis of the uppermost vertebra of 
the fused segment, but also in the upper and lower vertebral bodies and intervertebral 
discs of the fused segment. 
The nearer to the weight bearing axis, the smaller the concεr】trationof只trどsdistribl l ． 
on （σ＝c＿！一）， and thus it has been proved photo-elastically that the fusion of vertebral 、 σ ’
archs is superior to the fusion of spinous process白. ONDROUCH (1963) disclosed dyna-
mically and pathologically that the cartilage and bone tissues under the repeated mechani-
cal over-loading develop the degenerative and osteoarthritic lesions and frequently the cyst 
formation at last. In the posterior spine fusion, there are the localized stresses in the 
anterior parts of the vertebral bodies and intervertebral discs・ Therefore,the cases of 
solid fusion without " Umbauzoneい areapt to have the development of fracture in the 
bone graft or a aquired spondylolysis or a degenerative and osteoarthritic lesion in the 
vertebral bodies and intervertebral discs as a sequel to posterior spine fusion for a long 
time. There are the cases had the progr，白sionof slipping despite good consolidation of 
the bone graft after posterior fusion for spondylolysis and spondylolisthesis. It may be said 
that the回U回tivefactors of this slipping are mainly due to the progression of mobilization 
at the junction between vertebral bodies and intervertebral discs in consequence of degenera-
tion of discs and osteoarthritic lesion of vertebral bodies. Even the complaints of the 
patients are improved postoperatively, a long term follow-up observation is necessary to 
know the final out-come of posterior spine fusion, and for the postoperative limitation of 
vertebral column the results of clinical follow-up study of posterior spine fusion issatis-
factory despite showing " Umbauzone”at the margins of bone graft. 
The 1/3 anterior spine fusion is superior to the posterior spine fusion photo-elastically, 
because the 1 /3 anterior spine fusion is more equaller than the posterior spine fusion in the 
distribution of stress in the bone graft, but comparing with the various anterior spine fusions, 
the 1 /3 anterior spine fusion has more localized stresses in the bone graft than the other 
anterior spine fusion, and more-over, from the fact of an appearance of singular line in the 
bone graft of 1/3 anterior spine fusion, it is certain that the bone graft of 1/3 anterior 
spine fusion is affected by the shearing stress which is stronger in the upper margin of 
bone graft than the lower margin. The singular line or point disappears in the bone graft 
of anterior spine fusion having the more longer diameter than one-third A-P diameter of 
vertebra. 
The photo-elastic study sugg田tsthe clinical results of anterior spine fusion. Accord-
ing to IWAHARA's reports of anterior spine fusion by his method at KEIO University Hos-
pital, in any case which does not have “Umbauzone”at the grafted sites, the size of bone 
graft is no les than 1/3 in A-P diameter of the vertebra. "l lmbauzone" develops fre-
quently at the lower margin of the vertebral body above the grafted area (Table 3). 
The stress in the anterior spine fusion which is fused by the hone graft having the two-
third, or more longer in A-P diameter of the body of the affected vertebra almost equally 
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distributes on the vertebral bodies and intervertebral discs. Therefore, it is obvious that if 
the bone graft of anterior spine fusion is small, the increase of osteoarthritic lesion in the 
vertebral bodi田 promotesyear after year despite good consolidation, but the increase of osteo-
arthritic lesion is prevented by the fusion of spine having the sufficiently large bone graft. 
The anterior-directed stress at the posterior margin of the bone graft of 1/3 anterior 
spine fusion is larger than the other anterior spine fusions, and in the 2/3 or more anterior 
spine fusion, it、日 stress decreases approximetly under the one-tenth of the 1/3 anterior 
spine fusion. The concentration of anterior-directed stress distribution at the posterior 
margin of the bone graft affects apparently the formation of “Umbauzone川. The 
posterior-directed stress of the nucleus pulposus is lessened by the spine fusion. In review-
ing the records of the patients with spondylolysis and spondylolisthesis, 10.7 per-cent had 
approximately sciatic pain, and a much larger number had vague referred pain and paraes-
th白 iaof the buttocks, hips, and thighs. When spondylolysis and spondylolisthesis is com-
plicated by the presence of a nerve-root compression syndrom, surgical removal of the 
pathologic disc and excision of al fibrocartilaginous tissue from vertebrae must precede 
fusion of the spine. This is natural because anterior spine fusion has been widely used 
as one of the radical treatments for the radicular symptoms. 
The patients with spondylolysis or spondylolisthesis show frequently the increased !um-
bar lordosis. It is considered that the shearing stress in the pars interarticularis promoted 
by increasing lordosis has close corelation to the etiology of spondylolysis and spondylolis-
thesis as STEWART mentioned (1956). Therefore, it is the most important point in the 
treatment for spondylolysis and spon<lylolisthesis to gain decreased lumbar lordosis. For 
this purpose, itis attempted that shel plaster should be made in the decreased lumbar 
lordosis position prior to operation and intervertebral space, particularly it、R posterior por-
tion, must be widened, and the larger bone graft is inserted into that widen吋 interverte-
bral space at operation in order to gain decreased lumbar lordosis. 
Currently, the etiology of spondylolysis and sr】on<lylolisthesis,and the pain ,・au日in店
e州 ogicalagents in旦I】ondylolysisand spo 
may fairly be said that there is no ~； 11 日 f ; 1 ctnrv treatment for spondylolysis and spond Ioli只・
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thesis. And also, the anterior spine fusion we use for spondylolysis and spondylolisthesis 
as the routine procedure is not satisfactory as sufficient, but it has been proved experi-
mentally and clinically that the anterior spine fusion is superior to any other methods. 
Some problem stil remains in the anterior spine fusion. The trough into which a 
bone graft of two-thirds or more A P diameter of the body of the affected vertebra is 
inserted should be made approximately right angle to the weight bearing axis of the spinal 
column. Especially, the case of L5-S1, the anterior part of the inferior margin of the 
body of the fifth lumbar vertebra and the posterior part of the superior margin of the first 
sacral vertebra should be deeply digged respectively, in order to strengthen the compres-
sion stress to the inserted bone graft. As the author knows the development of acquired 
spondylolysis at the pars interarticularis of the uppermost vertebra of the fused segment as 
a sequel to posterior spine fusion, it should be considered that there is an affection upon 
the above and below vertebrae and intervertebral discs of the fused segment. That is, it 
is suggested that the increase of osteoarthritic and degenerative lesions at the above and 
below vertebrae and intervertebral discs of the fused segment occures as a sequel to anterior 
spine fusion, and actually, the auther has the two cases of solid anterior spine fusion having 
apparently increase of osteoarthritic lesion at the upper intervertebral joint of the involved 
spine. But this problem may be recently solved experimentally. 
CONCLUSION 
( 1 ) The posterior spine fusion is dynamically unstable, thus, the “Pseudoathrosis-
like line，” or“Umbauzone”is aptt o occure at the margin of bone graft. Even if the 
posterior spine fusion is solid without “Poeudoarthrosis-like line ”or“Umbauzone”， the 
fracture at the bone graft, the acquired spondylolysis at the pars interarticularis of the 
uppermost vertebra of the fused segment, or the increase of osteoarthritic or degenerative 
lesions at the vertebral bodies and intervertebral discs occures frequently. 
( 2) The author believes that the anterior spine fusion for spondylolysis, spondylo-
listhesis, and other unstable vertebral column as a sequel to various agencies is the most 
rational and efficient method. 
( 3 ) The bone graft for the anterior spine fusion should be made large enough, 
having two-thirds or more A-P diameter of the body of the affected vertebra. 
( 4 ) Itmay be suggested that the trough for anterior spine fusion should be made 
aproximately right angle to the weight bearing axis of the spinal column, that is, in the 
direction so as not to be affected by the shearing stres, and such as to gain the decreased 
lumbar lordosis. 
( 5 ) Itmay be said that the anterior spine fusion we use for spondylolysis and 
spondylolisthesis is not satisfactory treatment as sufficient. The affection upon the above 
and below vertebrae and intervetebral discs of the fused segment as a sequel to anterior 
spine fusion remains now in doubt. 
The author wishes his grateful ackn口ledgementto Prof. Dr. ToRAI IwAHARA of Keio Univer訂tyand Dr. 
MASATAKA NrsHIDA of Rikagaku-Kenkyusho for their encouragement and guidance throu耳houtthis investi巨ation. 
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いて樵fj;: み所の応 ｝］ を測定すると 1/31~ぴ1/2固定では








きし 2/3問定でl1.7gm/mmろ 全体固定で10.3gm/ 
